We analyse the possibilities of using a new kind of Bragg Fresnel Multilayer Lens that we have designed in order to improve image contrastIl1. We discuss the aberrations and the dynamical properties of this lens on the base of a recently developed dynamical theory[zI and of the data from the first imaging tests that we have performed. The principle of the optimal configuration for utilisation of these lenses is given.
INTRODUCTION
Bragg-Fresnel Multilayer Lenses (BFML) are a recent optical element that casts together the reflectivity properties of multilayer mirrors and the focusing ones of Fresnel Zone Platesi31. These devices are particularly suited to high fluxes applications. We present a study of a new BFML design that has been recently proposed to overcome the loss of image contrast which is linked to the presence of several diffraction orders [2] . The off-axis principle, that we recall in figure 1, is based on order separation and allows the reduction of the background around the focused spot. 
OH-mis in classical deaction (beam perpendicular to grooves).

BFML center
In the energy range where BFMLs have been used so far (E>lKev), the glancing angle is small ( 0 4 0 deg). Highly off-axis designs can be achieved without exceeding the writing apparatus limitations because the zone size in the direction of classical diffraction (beam perpendicular to the grooves) is greater by a factor llsin(8) than in the case of an equivalent transmission Fresnel Zones Plate. Figure 2 shows the images of a 1750 eV collimated beam produced by a linear off-axis BFML, whose parameters are reported in caption. The signal has been recorded by a proportional counter scan for different glancing angles of the incident beam. Each diffraction order peak in figure 2 is optimised at a different glancing angle. This behaviour is similar to the one of multilayer gratings in which the Bragg law links energy, grating diffraction order and glancing angle at the Bragg peaks.
For highly off-axis design, if the angular separation of diffracted orders is larger than the angular width of the Bragg peak, only one reflected order at time can be observed with monochromatic beam. If such a highly off-axis BFML is used in white beam at a fixed incident glancing angle, all the reflected orders can be observed simultaneously, each order having its own Bragg energy. Another remarkable property of off-axis design is the higher efficiency due to short local periods of the BFML. This property, already demonstrated for multilayer gratingL41, is encountered in BFMLs when the extinction length of the beam is greater than the local BFML period. Elliptical off-axis BFMLs have also recently been tested for 2D imaging. One result from these tests is reported in figure 3 . The tested elliptical lenses have the same parameters of the linear BFML of figure 2. On the right, one can see the optical microscope photography of the nickel grid (bar width 18 pm) which we used as a test object. On the left we report the grid image obtained at 1750 eV (using InSb crystals) by placing the object at 7cm and the emulsion at 22 cm from our off-axis BFML.
ABERRATIONS IN OFF-AXIS BFMLs AND THEIR REDUCTION
Chromatic aberrations are present in a lens if lln, where n is the number of grooves, is smaller than the lens bandpass resolution AEIE. In our off-axis BFMLs the above condition is broken and chromatic aberrations are needed to be taken seriously into account when a white beam is used. In order to reduce chromatic aberration, we study the scheme of figure 4 where a linear BFML, located on the first element from the left, between X=-a and x=a, focuses monochromatic radiation of wavelength hO fiom point S to point I. The grating function G(x) for this lens is defined by G(x)= s(p,x,8,) +s(q,-X,€),) where s(a,b,c) = Ja2 + b2 + 2abcos(c), and where p and q are the distance of point S and I from the centre of the first lens. In the general case of off-axis BFMLs, O0 is different from 8,. We recall that the profile of a BFML is chosen by placing the zone borders at positions r,, such that G@,,) -G(r,,-,) = h. A lens 2 designed in this way realises an aberration-free focusing from S to I for the wavelength ho. Aberration occurs when we change the source parameters O0 and h. Let us consider the effect of a shift A h in the wavelength, leaving 80 unchanged.
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Figure 4: the principle of chromatic aberration reduction with off-axis BFMLs
The optical path function from the point source S to the point I, is, for the new wavelength h=Ah +ho, We can use for s the Taylor expansion up to second order in X and get
We can see from this equation that for off-axis BFML ( 80 different from 01), there is a new term linear in X. In our off-axis BFMLs, we are confronted with two opposite needs : on the one hand we want the greatest difference between O0 and 01, while, on the other hand, we want to limit the chromatic aberrations occurring with a white beam.
In the scheme of figure 4 , the first order from the first BFML is diffracted once again as first order from the second lens. From a geometrical optics point of view, if the distance between lenses is small compared to q, a ray hitting at X on the first lens, hits at -X on the second lens. This way the dangerous linear term of equation (3) is eliminated. We have done a numerical simulation of a double reflection system. We considered two linear off-axis BFML working in classical diffraction, based on the same multilayer coating of the previously considered BFMLs The focal distance of both lenses is 15cm at 1750 eV and the lenses are built between the 3400th and 5400th groove of a corresponding centred lens or, equivalently, between 8 and 10 mm from its center. The Bragg angle is about 6 degree, the lens projection in the direction of incident beam is 200 pm wide and is 800 pm far from the centre projection. Figure 5 shows the numerical simulation for a double reflection system where the distance between lenses is 2 mm. The calculation, based on a recently developed dynamical theory [2] , is reported for two different wavelengths and shows, beside the reflectivity dependence on wavelength, a reduced chromatic aberration. A single off-axis lens would give a stronger chromatic aberration because the peaks would be shifted through a longer distance as the wavelength changes. This distance can be estimated as the product of the distance from the centre (800pm) and the percentual wavelength shift. 
CONCLUSION
We have reported recent results on x-rays imaging by off-axis BFMLs. The tests were performed with monochromatic radiation. To use these lenses with white beam we have proposed, on a theoretical basis, a double reflection scheme which reduces chromatic aberrations to the ones occurring in centred lenses. This scheme has the advantage of decreasing considerably the noise around the focused spot, which could be due to the other diffraction orders. In a highly off-axis BFML, the different diffracted orders have considerably different Bragg energies from one another. The second BFML, in our scheme, diffkacts selectively the first diffracted order from the first lens, which has the right angle and energy
